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1.0 GENERAL

Every business needs a plan to effectively guide investment decisions. Rural Water Systems are
no different than any other business in this regard. Bartlett & West is pleased to have the
opportunity to assist Cedar Knox Rural Water Project (CKRWP) in the development of a long-
range growth plan. As part of our services to the CKRWP, we have created a hydraulic model of
the water system and analyzed the deficiencies that currently exist and are likely to exist in the
future. The purpose of this analysis was to establish a plan that will serve as a guide for the future.

Phased improvements are outlined and correlated to growth projections.

CKRWHP serves just north of 1,000 customers in Cedar and Knox County. The District operates and

maintains a water treatment plant that utilizes Lewis & Clark Lake as the water source.

The water supply system is divided into four hydraulic service areas. There are three (3) ground
storage tanks and one (1) standpipe that provide storage within the system. The fourth service
area is provided an elevated hydraulic grade line through a booster pump station that meets
instantaneous demands. The west tanks are filled by the high-service pumps from the water

treatment plant. The remaining storage tanks are filled by in-line booster pump stations.

A hydraulic model was used to analyze the current system as well as projected demands in five-
year increments over the next fifteen years. Improvements are noted and modeled as

appropriate over that span. Cost estimates are provided for each proposed improvement.



This planning document should be used by the CKRWP to address current deficiencies and
financially plan for the future. The specific design of each project identified in this report should
be re-evaluated prior to construction. The CKRWP should understand that the recommended
improvements are directly related to growth projections established during the analysis, and that
actual future growth of the system may not follow the projected growth. A review of the CKRWP’s
growth and of the hydraulics of the system should be conducted at least every five years to

determine if revisions to this report are necessary.



2.0 WATER USE SUMMARY

2.1 Existing Demand

Water demand criteria are necessary to accurately develop a hydraulic model of any water
system. The criteria used in the analysis of Cedar-Knox RWP were determined using water usage
data from 2011 through 2017. Cedar-Knox RWP provided monthly usage data for these years,

and the annual data is summarized below in Table 2-1.

Table 2-1. Historical Water Use Data

Total Community High Residential/ . Aver.age Water
Year | Produced Usage Demand Rural Usage Total | Active Daily Loss

(MG) (MG) Usage (MG) Meters | Meters Use (%)

(MG) (GPD)

2011 110.9 29.9 27.3 33.1 796 562 242 18.7%
2012 146.6 40.2 42.9 37.0 804 587 276 18.2%
2013 128.5 35.3 34.4 334 824 587 251 19.9%
2014 122.5 331 329 32.8 838 592 239 19.4%
2015 134.9 37.5 37.3 33.8 854 609 247 19.6%
2016 137.4 37.3 375 34.3 869 617 251 20.7%
2017 138.9 37.5 32.2 34.9 884 625 269 24.7%
AVG 1314 35.8 34.9 34.2 838 597 254 20.2%

A basic design parameter used in hydraulic analysis is average daily use (ADU). This value is found
by dividing the total number of gallons produced by the water system by the number of
residential customers served by the system. To determine a more accurate value for the ADU of
a “typical” customer, it is necessary to account for the high demand users in the system
separately. For the purposes of this study, customers whose monthly usage was greater than

27,000 gallons were considered high demand users.

Cedar-Knox RWP served an average of 36 customers during 2017 that satisfied the high usage
criteria. The combined average monthly usage for these high demand users was just over 2.9

million gallons, which equates to roughly 50% of the total usage for all customers. As you would



expect, this high quantity of water can inaccurately skew design criteria for an average residential
customer in the system. Removing the high-use customers and the nearly 250 inactive customers,
the average daily usage for a typical residential customer was calculated. It should also be noted
that the ADU also includes water losses, which is assumed to be distributed evenly amongst all

customers in the model. The water loss has historically been near 20% over the study period.

Another important parameter used to accurately model a system is the peak day factor. Peak
days can severely test the System’s supply capacity. To model a system under extreme
conditions, a peak day demand is imposed on the system. The peak day factor is used to convert
the average day demands to peak day demands. The peaking factor for a system is determined
by dividing the peak day by the average annual day. Table 2-2 summarizes the peak day, annual

average day, and peaking factor for the years 2011 through 2015.

Table 2-2. Peak Factors, 2011-2015

Year FI:%:\:( Avs::/ge Peaking
(GPD) (GPD) Factor
2011 | 600,000 | 303,951 1.98
2012 | 869,000 | 401,619 2.17
2013 | 701,000 | 352,140 2.00
2014 | 611,000 | 335,485 1.83
2015 | 699,000 | 369,649 1.90
AVG | 696,000 | 352,569 1.98

With the exception of 2012, the peaking factors range from 1.83 to 2.00. The usage during 2012
was impacted by an extremely dry year and CKRWP had a construction contractor purchasing
water during the summer period. Typical peaking factors are 1.9 to 2.0. For projecting water

usage, a peaking factor of 2.0 will be used.



Table 2-3. Design Criteria

Average Day Use 250 gallons per customer
Peak Day Use 500 gallons per customer

Consideration must also be given to the variation in demand over the course of a 24-hour period.
Obviously, variations in demand change from day to day, but a typical pattern, such as the one
shown in Figure 2-1, is often used to model the variation in demand of a rural water system during
an average day. The demand for a given hour is calculated by multiplying the average hourly
usage by the respective peaking factor. A larger peaking factor represents a greater demand.

Consequently, the greatest demand on a system occurs during the peak hour of the peak day.

Figure 2-1. Typical Daily Demand Variations
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2.2 Future Demand Projections

Population growth is typically projected in one of two ways: linear projection or curvilinear
projection. Linear projections are based on a constant population increase from year to year.
Curvilinear projections, on the other hand, are often based on an increase in population by a
constant percentage from one year to the next. The difference is usually unnoticeable for short-
range projections but can become more significant for long-range projections. Generally,
curvilinear projection will increase at a greater rate than a linear projection. Over the past half-
century, population growth in the United States has been quite close to a linear growth rate;
therefore, residential customer will be projected in this manner. Figure 2-2 graphically depicts

the historical customer growth of the CKRWP.

Figure 2-2. Historical Growth, 2011 - 2020
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Predicting how bulk users will affect the future water system can be challenging, due to the
random nature of where these users join the system and the demand they will put on the system.
For the purpose of this study, the annual usage data for “community usage” and “high demand
usage” was analyzed to determine an average increase in water usage per year. These trends

were used to project future water demand for these categories.

Assuming the CKRWP has the raw water and treatment capacity to meet the demands, the future
water production estimated are illustrated in Table 2-4. By 2036 the District is expected to be
serving over 1,200 customers with a total annual production over 200 MGY, with a peak day

demand just over 1.1 MGD. Table 2-4 summarizes the projected water demands in five-year

intervals.
Table 2-4. Projected Future Water Demands
Community High Residential/ Total Average Peak
No. of Demand | Rural Usage
Year Usage . Produced Day Day
Customers (MG) Usage | Including Loss (MG) (Gallons) | (Gallons)
(MG) (MG)
2021 918 40.0 41.9 83.7 165.6 453,774 907,547
2026 1,017 42.0 43.1 92.7 177.8 487,053 974,106
2031 1,115 43.9 443 101.7 189.9 520,333 | 1,040,666
2036 1,214 45.8 45.6 110.7 202.1 553,612 | 1,107,225




3.0 HYDRAULIC MODELING APPROACH

The criteria used to size pipeline in a rural water system are typically established to meet peak
instantaneous demands while maintaining a minimum pressure of 20 psi. The hydraulic model
used in this analysis simulates minimum and maximum pressures on all pipelines, using a non-
linear peak instantaneous usage equation. This model is unique to rural water in that it captures
the short-term impact imposed by a limited number of customers on small branch lines. The
maximum demand by one customer may reach as high as 10 gpm. Industry-standard hydraulic
models that simulate peak demands for large, looped systems would only predict an average of
about 1 gpm per customer under peak demands. This difference can obviously mask problems

on small branch lines.

Demands were imposed on the system to simulate both average and peak day demands. The
existing system was analyzed, and improvements were incorporated into the model. Demands
were increased to reflect future growth identified in the previous section. Possible areas of

concern, along with solution to these problems, were identified.



4.0 ANALYSIS OF EXISTING SYSTEM

4.1 Water Supply

Parts of the Cedar Knox Water Treatment Plant are approaching fifty years old from the original
construction in the early 1970’s. In 1981 and 1991, the plant underwent major expansions. The
plant was expanded in 1981 by an additional solids contact clarifier, and packaged medial filter.
This expansion increased the capacity of the treatment plant to 0.8 MGD (560 gpm). In 1991,
another parallel train consisting of a solids contact basin and package filter was added. This
increased the capacity of the treatment plant to 1.0 MGD (700 gpm). A second clearwell was

added in 2002 for more flexibility.

Based on the future water projections, the peak day demands of the system will exceed the
existing treatment plant’s capacity between 2026 and 2031. It is recommended that additional

supply improvement be made in the next 5 to 7 years.

The CKRWP will need to consider how improvements to the water supply will be made. Current
options being considered are making improvements to the existing water treatment plant,
purchasing the water supply from the City of Yankton, developing a new horizontal collector well
and water treatment plant in the South Yankton area, or developing new groundwater wells and
constructing a new water treatment plant. Section 7 of this report will discuss these water supply

alternatives in greater detail.

4.2 Pumping/Transmission

Table 4-1 summarizes the firm capacities (over 18 hours) of the treatment plant pumps and the
existing pump stations compared to the estimated peak day demands through each. The firm
capacity of each facility is determined by considering the largest pump being out of service.
Higher pumping rates may not be achievable without transmission line upgrades due to the

potential for excessive discharge pressures, or suction pressures below desired levels.



Due to the logistics of the water system, the peak day demand for the West service area must
also include the peak demands from Tank 2, Tank 3, and Booster 2 service areas. This is also true
for the Tank 2 service area, which must also supply the peak day demand for the Tank 3 service

area. The current pumping capacities are illustrated in Table 4-1.

Table 4-1. Pumping Capacities — 2021

Firm Flow 2021 Percent
18 Hour .
. - Rate . Projected of
Pump Station Facility . Capacity .
Capacity (Gallons) Peak Day Capacity
(GPM) (Gallons) (%)
Treatment Plant Pumps 1,050 1,134,000 907,548 80.0%
Booster 1 140 151,200 161,763 107.0%
Booster 2 110 118,800 83,060 69.9%
Booster 3 100 108,000 56,458 52.3%

As illustrated in Table 4-1, the peak day demand for Booster 1 is greater than its 18-hour pumping
capacity. The extra demand can be overcome by allowing the pump to operate approximately
19.5 hours during a peak day. The pumping capacities for each 5-year increment can be found in

Appendix A.

4.3 Storage

A water storage facility should be sized to allow adequate operational drawdown, meet peak-
period demands beyond the pumping capacity, and provide emergency storage for pipe breaks,
pump failures, or power outages. The majority of water systems follow the general rule of thumb
of having the capacity for an average day demand for the area that it serves. However, because
of the nature of this system and the high bulk usage quantities, we are utilizing a more technical
approach by calculating the required operational and peak equalization requirements for each

storage facility in the system.

Operational storage is the volume of water required to ensure proper turnover and mixing of the

water during normal fill and draw cycles. Operators can tweak the levels at which storage tanks

10



draw down as demand increases or decreases during the year, but a general rule of thumb is 30%

of the capacity of the tank.

Peak equalization storage is the volume of water required to supplement the source-pumping
capacity when system demands exceed the source pumping capabilities. The volume of
equalizing storage must be sufficient to meet peak system demands in excess of the pumping

capabilities over a 2-hour period.

The remaining storage in an elevated storage tank can be classified as emergency storage. This

guantity of water serves as a back-up in the event of a pipe break, pump failure, or power outage.

Although standpipes can contain a large volume of water, only a fraction of that storage is usable
in the system. When the water level decreases in a storage tank, the reduced water level
adversely impacts the pressure supplied to customers. If customers are relatively close in
elevation to the ground elevation of the standpipe, approximately 46 feet of water is required
just to meet a minimum standard of 20 psi. Only the water above this level is usable. The water
below is simply supporting the water above. Therefore, there can be a false sense of security
when viewing the capacity of a standpipe. Typically, only 25% to 20% of the water in a standpipe

is usable.

Table 4-2 summarizes the storage capacities for each storage facility in the existing system. Due
to the ground elevations at the locations of the ground storage tanks, a large majority of the
storage at these locations are usable within the system. Only 22% of the storage in the standpipe
is usable. This does not provide enough storage to meet the operational, peak equalization, and

emergency storage requirements for the area being served.

11



Table 4-2. Storage Facility Capacities — 2021

Peak
| i | E
Storage Capacity Usable | Operationa Equalization mergency
. Type Storage Storage Storage
Facility (Gallons) (Gallons) | (Gallons) Storage (Gallons)
(Gallons)
West | Ground | 510205 | 318775 | 63,755 0 255,020
Tanks Storage
Tank2 | 80U 1 59815 | 38,280 11,963 10,800 15,517
Storage
Tank 3 | Standpipe | 233,000 51,778 51,778 4,800 0

4.4 Distribution System

The hydraulic model indicates minimum pressures below the State standard of 20 psi in a few
areas of the distribution system. In many cases, the low pressures may be short-lived, as
customers adjust their use to accommodate the lack of pressure. This ‘self-governing’ mechanism
tends to hide the severity of the problem, as pressures are maintained at the expense of flow.

Customers that are accustomed to inadequate volume and pressure may not complain because

they have accepted the situation.

The pressure delivered to a customer is created by the combination of their home elevation in
relation to the water elevation in a storage tank minus the friction loss that occurs as water
moves through the pipe between the tank and their home. In general, acceptable friction loss

corresponds to the flow at or below those illustrated in Table 4-3.

Table 4-3. Pipeline Friction Loss Targets

Pipe Size Acceptable Friction Loss Corresponding Number of
At or Below Flow of Typical Customers
2-inch 15 gpm 5
2 %-inch 20 gpm 10
3-inch 35 gpm 75
4-inch 60 gpm 55
6-inch 200 gpm 250
8-inch 400 gpm 500

12



Several segments of the distribution system have demands at least twice these target levels.
Some segments of 2-inch and 2 %-inch water lines serve 15 or more customers and have friction
losses 5 times the normally acceptable levels. Segments of 3-inch pipe serve more than 30
customers, and segments of 4-inch pipe serve over 70 customers. These areas are spread
throughout the distribution system. Roughly 30 miles of 1 s-inch through 4-inch water line is
considered to be above the desired friction loss levels. In addition, 1 mile of 6-inch water line and
4 miles of 8-inch water line are also experiencing flow above their desired levels. This represents
roughly 13% of the system’s total water line network of 280 miles. Some of these high friction
loss pipes are acceptable due to the low elevations they are serving, as adequate pressures are
still being delivered to customers. Other areas need to be addressed. Proposed improvements in
Section 6 will address these areas.

Because of the high friction losses, approximately 6% of the CKRWP’s customers are
subject to inadequate service. The map in the back of the report illustrates the results of the
hydraulic analysis. Shown are predicted peak flows, friction loss per 1,000 feet of pipe, and
minimum pressures. Figure 4-1 on the following page illustrates the low-pressure areas, as shown
by the modeled minimum “node” pressure.

Once again, the self-governing mechanism employed by customers will buffer the impact.
Negative pressures are shown on the modeled results, but in reality, very few negative pressures
are likely. The hydraulic model creates a peak demand commensurate with simultaneous peak
household uses, such as washing machines, showers, dishwashers, etc. The model does not
account for customers adjusting typical behavior by turning these appliances off during peak-
demand periods. Therefore, the negative pressures shown on the map reflect a failure of volume

to be supplied when it would typically be desired.
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5.0 WHOLESALE WATER SALE POTENTIAL

5.1 Santee Sioux Reservation
The Santee Sioux has expressed an interest in purchasing a portion of their water supply from
the CKRWHP. Initial discussions have indicated that the Santee Sioux water demand would be up

to 150,000 gallons on a maximum day.

As a wholesale purchaser, we would anticipate that the Santee Sioux would have a peaking factor
around 1.5. This would equate to an average daily usage of 100,000 gallons per day, or an annual
usage of 36.5 million gallons. This additional demand would essentially max out the CKRWP’s
current supply capacity, meaning that any scenario that results in providing water to the Santee
Sioux should be in conjunction with a water supply improvement project. A portion of the water
supply improvements capital costs should be allocated to the Santee Sioux as part of a connection

fee. Water supply options are discussed in Section 7 of this report.

Transmission requirements to provide 150,000 gallons on a maximum day would require 125
gpm over a 20-hour pumping day. It is assumed that water will be provided to a Santee Sioux
existing storage tank near the Ohiya Casino & Resort along Highway 12. Based on a demand of
125 gpm, it is anticipated that a 6-inch PVC transmission line would be of sufficient size to supply

water.

For the purpose of this study, a preliminary transmission line route is proposed starting at the
existing 12-inch PVC main at 894 Road and 544 Avenue. A new 6-inch transmission line would be
installed south along 544t Avenue to Highway 12. The line would then head west along Highway

12 until reaching the Ohiya Casino & Resort. The proposed route is approximately 91,800 feet.

The proposed route has topographical challenges that would need to be overcome. The high-
water elevation of the CKRWP’s west tanks is 1,650’. It is assumed that the Santee Sioux storage

tank has a high-water elevation of 1,535’. Elevations along the proposed pipeline route reach as

15



high as 1,800’, which will require a booster pump station to increase the hydraulic grade line

above these elevations.

The installation of a storage tank along the proposed route is recommended. The storage tank
will provide pressure between the proposed booster pump station and the Santee Sioux storage
tank. The proposed pump station will pump water to a hydraulic grade line sufficient to fill the
proposed storage tank. Water will then be provided to the Santee Sioux by gravity. It is
recommended that a pressure reducing valve or flow control valve be installed prior to the Santee

Sioux storage facility to control the water delivery rate.

Figure 5-1 on the following page shows the preliminary transmission line route, booster pump

station location, storage tank location, and hydraulic profile of the proposed project.

The overall construction costs for a new booster pump station, new storage tank, and
transmission piping is in the range of $1.75 to $2.25 million. The total project cost would include
engineering, construction observation, legal, and contingencies. These costs are estimated at
35% of the construction costs, which makes the total project cost $2.4 to $3.0 million. The
estimated costs indicated do not include the costs to purchase land to construct a new booster
pump station or storage facility. Also, the estimated costs do not include any cost allocation into

an improved or new CKRWP water supply.
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6.0 PROPOSED SYSTEM IMPROVEMENTS

6.1 Immediate Improvements

As previously noted in Table 4-1, a pumping deficiency exists at Booster 1. The projected peak
day for the area supplied by the Booster Station requires a firm capacity of 150 gpm over an 18-
hour pumping day, compared to the current 140 gpm firm capacity. This deficiency can be
overcome by allowing the pumps to operate for 20 hours during a peak day. In the next section

of improvements, this deficiency will be analyzed and corrected.

Improvements recommended immediately include a few large projects and several smaller sized
projects that improve pressures and supply in areas where there are currently low-pressure
problems caused by high friction losses or high elevation. Improvements are also recommended
to address transmission capacities to accommodate future growth. The proposed immediate

improvements are as follows:

Storage
1. Replace Tank 3 with Elevated Storage Tank. The Tank 3 Standpipe is identified as
being deficient based on current day water demands, as there is not usable
storage within the standpipe for emergency situations. Based on the 15-year
demands presented in this analysis it is recommended that the new elevated
storage tank be sized for a minimum of 75,000 gallons, however this should be re-
visited during the design process to accommodate growth for an additional 40 to

50 years.

Transmission Improvements
1. Replace Existing 8-inch with New 12-inch PVC. In order to accommodate
additional growth to the east, transmission line improvements will be necessary

to accommodate additional pumping. The proposed improvement will consist of

18



7,100 L.F. of new 12-inch PVC replacing the existing 8-inch along 550" Avenue
from 894™ Road to 895" Road.

Replace Existing 8-inch with New 12-inch PVC. This improvement will consist of
21,600 L.F. of new 12-inch PVC along 895 Road between 550" Avenue and 553
Avenue. This installation will increase suction pressures to Booster 1 as pumping
velocity increases. This improvement will also increase modeled minimum

pressures to customers by approximately 40 psi during peak day demands.

Distribution Improvements

1.

Install New 6-inch PVC along 553 Avenue. This improvement will consist of
approximately 6,200 L.F. of new 6-inch PVC to replace an existing 4-inch water line
that is currently over its design capacity. The existing 4-inch water line is currently
providing service to approximately 125 services , creating high friction losses
during peak demand situations. In order to alleviate this “bottleneck”, it is
recommended that the 4-inch water line be replaced with new 6-inch PVC.
Customers in this area of the water system should experience an increase of

modeled minimum pressures of approximately 15 psi.

Install new 4-inch PVC along Esther Street & Oak Street. This improvement will
consist of approximately 1,000 L.F. of new 4-inch PVC along Esther Street and Oak
Street between Main Street and EIm Street. This improvement will reduce high
friction losses occurring in the existing 2-inch water line. This improvement will

impact roughly 70 customers, increasing modeled minimum pressures by 40 psi.
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Install new 4-inch PVC along Oak Ridge Road. This improvement will consist of
approximately 1,700 L.F. of new 4-inch PVC along Oak Ridge Road between County
Road C54 and Timberline Trail. This improvement will reduce high friction losses
occurring in the existing 2 ¥:-inch water line. This improvement will impact roughly

30 customers, increasing modeled minimum pressures by 10 psi.

Install new 6-inch PVC along 553™ Ave. This improvement will consist of
approximately 8,500 L.F. of new 6-inch PVC along 553" Avenue between 896%™
Road and 897™ Road. This improvement will reduce high friction losses occurring
in the existing 4-inch water line. This improvement will impact roughly 100

customers, increasing modeled minimum pressures by 40 psi.

Install new 8-inch PVC along 549t Avenue. This improvement will consist of
approximately 25,000 L.F. of new 8-inch PVC along 549t Road. This improvement
will begin at the existing 12-inch water line at 894™ Road, and end near the
intersection of County Road C54 and Walker Valley Road. This improvement will

impact roughly 200 customers, increasing modeled minimum pressures by 25 psi.

Install new 6-inch PVC along County Road C54. This improvement will consist of
approximately 15,100 L.F. of 6-inch PVC along County Road C54 between Ridge
Road and Oak Ridge Road. This improvement will reduce high friction losses
occurring in the existing 4-inch water line. This improvement will impact roughly

55 customers, increasing modeled minimum pressures by 30 psi.

Install new 6-inch PVC along 897t Road. This improvement will consist of
approximately 10,700 L.F. of new 6-inch PVC along 897" Road starting at 897t
Road and ending along 554t Avenue. This improvement will reduce high friction
losses occurring in the existing 4-inch water line. This improvement will impact

roughly 110 customers, increasing modeled minimum pressures by 45 psi.
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6.2 Five-Year Improvements

As alluded to in the previous section, the five-year improvements will resolve a pumping

deficiency as peak day demands continue to increase as growth is applied to the hydraulic model.

The remaining improvements are recommended to increase minimum system pressures to

serviceable levels.

Transmission Improvements

1.

Increase Booster 1 to 200 gpm. It is recommended that Booster 1 be improved
from 140 gpm to 200 gpm to meet the 15-year projected peak day demands. This
improvement will consist of replacing the existing booster pumps, and potentially

mechanical and electrical improvements.

Distribution Improvements

1.

Install new 8-inch PVC along 895" Road. This improvement will consist of
approximately 6,000 L.F. of new 8-inch PVC along 895%™ Road from Tank 2 to 560t
Avenue to increase capacity for the eastern portion of the water system. This
improvement will reduce high friction losses occurring in the existing 6-inch water
line. This improvement will impact roughly 100 customers, increasing modeled

minimum pressures by 10 psi.

Install new 6-inch PVC along 557" Avenue. This improvement will consist of
approximately 7,300 L.F. of new 6-inch PVC along 557" Avenue between 892"
Road and 8915 Road. This improvement will reduce high friction losses occurring
in the existing 3-inch water line. This improvement will impact roughly 50

customers, increasing modeled minimum pressures by 50 psi.
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3.

Install New 6-inch PVC along 557" Avenue. This improvement will consist of
approximately 7,000 L.F. of new 6-inch PVC to replace an existing 4-inch water line
that is currently over its design capacity. The existing 4-inch water line is currently
providing service to approximately 20 customers, and also provides transmission
capacity for Booster 2, creating high friction losses during peak demand situations.
In order to alleviate these high losses, it is recommended that the 4-inch water
line be replaced with new 6-inch PVC. Customers in this area of the water system
should experience an increase in modeled minimum pressures of approximately

10 psi.

Install New 6-inch PVC along 557" Avenue. This improvement will consist of
approximately 6,900 L.F. of new 6-inch PVC to replace an existing 4-inch water line
that is currently over its design capacity. The existing 4-inch water line is currently
providing service to approximately 48 customers, including Fordyce, creating high
friction losses during peak demand situations. To alleviate these high losses, it is
recommended that the 4-inch water line be replaced with 6-inch PVC. Customers
in this area of the water system should experience an increase in modeled

minimum pressures of approximately 10 psi.
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6.3 Ten-Year Improvements

After an additional five years of growth is applied to the model, additional improvements are

recommended to improve pressures and supply in areas where low pressure problems develop

due to high friction losses. The proposed ten-year improvements are as follows:

Distribution Improvements

1.

Install new 12-inch PVC along 895" Road. This improvement will consist of
approximately 29,000 L.F. of new 12-inch PVC along 895" Road between 553
Avenue and 557™ Avenue. This improvement will reduce high friction losses
occurring in the parallel 6-inch water lines. This improvement will impact roughly

100 customers, increasing modeled minimum pressures by 35 psi.

Install new 8-inch PVC along 560 Avenue and 894" Road. This improvement will
consist of approximately 10,600 L.F. of new 8-inch PVC starting at the intersection
of 895 Road and 560 Avenue, and ending at the intersection of 894t Road and
561 Avenue. This improvement will reduce high friction losses occurring in the
existing 6-inch water line. This improvement will impact roughly 60 customers,

increasing modeled minimum pressures by 10 psi.

Install new 6-inch PVC along 894" Road. This improvement will consist of
approximately 5,000 L.F. of new 6-inch PVC starting at the intersection of 561%t
Avenue and end roughly 1 mile east of the intersection. This improvement will
reduce high friction losses occurring in the existing 4-inch water line. This
improvement will impact roughly 40 customers, increasing modeled minimum

pressures by 15 psi.
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4.

Install new 6-inch PVC along 557" Avenue. This improvement will consist of
approximately 7,500 L.F. of new 6-inch PVC along 557" Road between 892" Road
and 893" Road. This improvement will reduce high friction losses occurring in the
existing 3-inch water line. This improvement will impact roughly 10 customers and

the suction side of Booster 3, increasing modeled minimum pressures by 35 psi.
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6.4 Fifteen-Year Improvements

Various distribution line improvements will likely be necessary based on localized growth, which

cannot be anticipated, specifically in this study. Applying uniform growth assumptions, however,

the following distribution improvements would need to be addressed:

Distribution Improvements

1.

Install new 6-inch PVC along 894" Road. This improvement will consist of
approximately 9,900 L.F. of new 6-inch PVC along 894t Road beginning west of
the intersection of 562" Avenue and ending near 563" Avenue. This improvement
will reduce high friction losses occurring in the existing 4-inch water line. This
improvement will impact roughly 40 customers, increasing modeled minimum

pressures by 10 psi.

Install new 4-inch PVC along 891% Road. This improvement will consist of
approximately 7,100 L.F. of new 4-inch PVC along 8915t Road between 557t
Avenue and Highway 81. This improvement will reduce high friction losses
occurring in the existing 3-inch water line. This improvement will impact roughly

20 customers, increasing modeled minimum pressures by 20 psi.
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6.5 Performance of Improved System

The improvements outlined were hydraulically modeled and shown to be effective at correcting
system deficiencies. Minimum pressures increase dramatically leaving most customers with
expected pressures above 20 psi, apart from a few small branch lines. The large map in the back
folder of this report illustrates the predicted minimum pressures, flows, and friction losses for
each pipe segment in the system. Figure 6-1 on the following page summarizes the proposed

improvements described above.
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